The rapid emergence of houses in the low-lying areas of developing countries, especially in South Asia, has led to increasing negative environmental effects in these regions. Therefore, here, an attempt is made to build a geo-spatial model that can be used as a guide and index to help understand how the unending emergence of individual households generally occurs. This study was conducted in the Colombo Metropolitan Region, in which the mass conversion of low-lying areas has already taken place to a great extent. The study was based on variables related to the behaviour of householders who were living in lowlying areas without having the proper legal right to occupy or use those lands. A spatial logistic model was developed based on seven explanatory variables, and this was used in conjunction with GIS-linked display maps to measure how the householders' behaviour increased the level of conversion of low-lying lands. The sample size was 294 houses comprising 185 stable and 109 non-stable houses in the core study area, which formed a part of the Colombo Metropolitan Region. The results of this study show that out of the seven variables tested, five variables are highly significant, and the accuracy of the database is approximately 86.7%. A predicted probability map of the converted and nonconverted houses in the year 2012 has been categorised as an index of conversion. The final output of this study can be used as a guide and index with which to monitor, manage and shape low-lying areas during the town planning, house upgrading and rehabilitation stages.
Introduction
Urbanisation is a modern development responsible for causing marked environmental changes in the 21st century, as it drives more than one half of the world's population to crowd into urban areas that cover just 2% to 3% of the entire land surface of the earth (Braimoh and Onishi 2007; Seto and Kaufmann 2003) . Burgeoning urbanisation has caused the world's urban population to increase from 200 million in 1900 to approximately 2.9 billion in 2000, and this number is estimated to increase to approximately 5 billion by 2030 (United Nations 2012). As a consequence, the impact of land use in the urban sprawl has created several environmental and health-related issues that have ramifications that can be felt from a local level to a global level (Hasse and Lathrop 2003) . The rapid and poorly regulated urbanisation proceeding apace in developing countries is responsible for causing much damage to the environment. This, in turn, has resulted in the deterioration of living conditions and an increase in the incidence of serious health problems caused by the inadequate supply and poor quality of water, lack of sanitation, unsatisfactory water drainage, poor household and industrial waste management, and air pollution (United Nations Development Program 2009; Zakaria 2007) . The excessive generation of household wastes combined with inadequate recycling capacity is another problem caused by the rapid increase in low-lying land conversion (Barr 2007; Oskamp et al. 1991 ).
An important factor influencing the conversion of low-lying lands in urban areas is land value; this is due to the high demand from investors who want to utilise these lands for commercial purposes. For this reason, it has become economically more advantageous for land owners to utilise or divert lands for commercial development rather than put them to agricultural use. However, this practice can lead to many environmental issues, as pointed out by several researchers (Yeh and Li 1998; Makunde 2016) . People who live in marginal areas at the city periphery, in particular, have a strong tendency to convert low-lying areas into home plots with gardens due to the ingrained spatial behaviour of people. This is because spatial behaviour has a major and distinct territorial component to it.
Land is the basic element involved in all aspects relating to development in a city. However, a common issue pertaining to land use in urban areas is unauthorised construction and development that is not in conformity with city planning. Many inhabitants of cities are concerned only about social and economic rewards and do not care about environmental issues. Hence, these individuals constantly attempt to encroach on the sensitive lands at the edges of cities (Ducrot et al. 2004 ). Many of these low-lying areas have the potential to create environmental problems in the surrounding regions, especially through flooding. A classic example of this issue can be seen in the Colombo Metropolitan Region and its low-lying areas (Subasinghe, Estoque and Murayama 2016) . People, especially those living in low-lying areas, have a spatial and, more specifically, a territorial imperative that drives them to convert the land they are occupying into a permanent home garden. Therefore, this study attempts to analyse how people living in low-lying areas set attempt to establish their homesteads in the plots they have captured.
What is Behaviour?
Human behaviour refers to the range of behaviours exhibited by humans and that is typically influenced by culture, attitudes, emotions, values, ethics, authority, persuasion, coercion and/or genetics (Golledge and Stimson 1997) . The behavioural traits of people can fall within a wide range, with some behaviours being common, some unusual, some acceptable and some outside acceptable limits. Hence, in this sense, household behaviour refers to the collective way of thinking of households; this can vary, and it can be either positive or negative behaviour (Hoogvorst 2003; Syphard et al. 2012 ). Social behaviour is behaviour specifically directed at other people. The acceptability of behaviour is evaluated relative to societal norms and regulated by various means of social control (Fehr and Fischbacher 2004) .
Spatial Behaviour
Golledge and Stimson (1997) explained spatial behaviour, which is treated as a sub-branch of human behaviour and is used in geography and urban studies. Most people live in cities that are complex in terms of their form, functions, structure and environment. This environment has the power to mould people's attitudes, values and beliefs. The things that people learn and the ideas they pick up during the course of urban living will naturally be reflected in the way they make use of land resources. This is true of individuals, households, firms, institutions and even the government (Ariyawansa 2008) . The availability of comprehensive geographic information system (GIS) data and related information is very useful for analysing the trend of human spatial behaviour (Kwan 2000) . In addition, negative behaviour patterns can have serious effects on household development, with alcohol abuse, drug use, heavy smoking, gambling, unlawful/illegal activities and general misconduct deemed as negative behaviour that will lead to the undermining and eventual collapse of all household development (Hoogvorst 2003; Pearson, Montgomery and Locke 2009) . Hence, in this study, seven spatial behaviour variables are applied to the model building process, specifically, the materials used (MU); technical skills and adaptation (TSA); living time per week in house (LT); smoking, drinking and drug habits (SDD); permanent plants growing in a plot (PG); public participatory practice (PPP) and family savings (FS).
Research Objectives
Leading land utilisation planners have emphasised that time, space and human interactions are the most important factors in the context of land use conversion. Evidence of human interactions can be seen in the form of development sites, factories, concrete highways, tarmac roads and individual structures, and especially housing constructions that are scattered over sensitive areas such as low-lands, filled-in marshes and paddy fields. Colombo and its outlying suburban zones are among the most congested lands due to the individual housing units established densely across its low-lying areas. As explained in this study, this is a process that has been going on for a period of time, involving the encroachment and capture of every low-lying land plot and its eventual conversion into a stable home garden due to the occupant's spatial behaviour. Although this conversion process starts at the micro level within individual housing plots, its collective strength can be very high and can eventually lead to urban chaos on several fronts (Samat et al. 2012 ). Hence, this study has mainly addressed the spatial behaviour of unauthorised settlers in the context of low land conversion, as elaborated in the research objectives below:
1. What types of household conditions are prevalent in low-lying areas?
2. What are the significant human interactions in respect to their spatial behaviour on land plots in the low-lying areas?
3. At what probability is the land being converted with respect to their spatial behaviour?
Behaviour Model Building
Dependent variable of model: After close observation of the study area, it can be seen that different conditions prevail in the various housing units in the low-lying areas of the Colombo Metropolitan Region. However, they have been categorised into two groups by pre-survey interviews as stable and non-stable (Shinn et al. 1998) . As mentioned in the main literature of the study, stable houses possess greater potential for survival and conversion into home gardens than non-stable houses. Therefore, it is important to identify and measure the level of stability with respect to conversion to facilitate future decisions about suburban planning (Liu and Yang 2015) . Information about dependent variables, such as whether households are stable or not, have been obtained directly from the core research area during a series of questionnaire interviews held in 2012. Several questions were asked in the pre-questionnaire interviews, which were conducted in several phases. In phase one, householders were interviewed about the housing situation The following information provided by the government relating to the definition of stable house was used as the guideline in the pre-questionnaire survey when some householders were uncertain about the status of their house. The pre-questionnaire survey was used only to distinguish between and demarcate the stable houses and non-stable houses in the study area.
Structural materials
The Department of Census and Statistics of Sri Lanka (DCSSL) conducts a national population and housing survey every decade covering the entire country. They record information with respect to the structural materials used in the construction of the walls, roof and floor of every house they visited. Accordingly, each house is classified as a permanent or nonpermanent structure. Table 1 was prepared from information provided by DCSSL, and this can be used as a guide to distinguish between the stable and non-stable houses in the low-lying areas. 
Infrastructure availability
The structural materials used in construction are not the only indicators used to determine the status of permanency of a household. In fact, the availability of infrastructure to an individual household has the greater potential to decide its status as stable or non-stable in the low-lying lands.
On the other hand, only houses that have already been constructed from good materials will be able to incorporate many of the infrastructure facilities that will enable the household to become more stable. The following infrastructural amenities are some of the desirable ones that help transform a non-stable house into a stable house, as noted from the answers given:
• Electricity supply
• Pipe-borne water supply
• Accessibility (good roads)
• Sanitary facilities: Toilet
• Sanitary facilities: Bathing
• Fence marking the boundaries of the plot
The conversion of individual housing structures from non-stable to stable depends on these housing elements; however, this is not attained at their inception, as in the case of a properly planned and designed house construction project. A stable condition can only be achieved after incorporating at least some of the above elements into the household at different stages over a period of time. Non-stable houses without infrastructure facilities expect to build in all the housing elements necessary to become stable houses based mainly on their level of strength in behavioural aspects. However, as they are currently non-stable, these houses have less potentiality for conversion from low-land to home garden conditions than the houses that have more infrastructural facilities.
As explained in Table 2 , the behaviour model consists of the following variables. As is evident from the definitions of the dependent variables, non-stable houses have less potential to convert low-lying areas than stable houses, and the independent variables will be tested based on each of the variables' definitions. 
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Based on the empirical data collected at the interview and their summarised results, the definitions of variables have been set as the essential elements of data interpretation for SPSS analysis. Accordingly, non-stable householders have used a smaller quantity of materials for land filling than stable householders, followed by other variables such as TSA, LT, PG, PPP and FS. However, SDD has a much greater variation than other variables because SDD habits are high in non-stable houses.
For the three categorical variables, the following three hypotheses have been formulated as required for SPSS logistic model data interpretation: 1. A lower level of technical skills and adaptations are more prevalent in the case of non-stable houses than stable houses. Then, "lower technical skills and adaptation" is the reference variable (i.e., houses built in low-lying areas will be subject to greater threats with respect to their stability, but if inhabitants of those houses possess basic skills such as masonry, carpentry and technical trades, etc., those will be useful for modernising the houses and enhancing their stability, as shown in Figure 2 ).
2. Fewer public participatory practices are observed in non-stable houses than stable houses. Then, "less public participatory practice" is the reference variable (i.e., members of the families in stable houses have engaged in the activities of societies that have helped them make their houses in low-lying areas more stable compared to the non-stable houses whose occupants did not engage in public participatory activities).
3. Alcohol users and smokers are more common in non-stable houses than stable houses. Therefore, "yes" is the reference variable.
The model has been built by coupling the GIS database with logistic statistical analysis. Arc GIS 10.1 software was used with IBM SPSS version 22 to performed the analysis. Using SPSS, the probability value of each household has been calculated for the model. Finally, the model information table was linked with the GIS attribute table to determine the spatial distribution of houses with their probability values indicating their status as stable or non-stable houses.
Field Evidence of Inhabitants' Behaviour
The type of materials used for filling in the individual housing plots is a crucial parameter in the context of low-lying area conversion. It is dependent on individual behaviours and attitudes as well as the economic condition of individual families. The types of materials vary from solid waste to soil. Figure 1 shows some of the materials that are used for land filling in the study area.
Technical skills adaptation (TSA) and public participatory practice (PPP) are also suggested variables for the behaviour model because their impact on conversion is very high. This is frequently observed in the field, and Figure 2 clearly indicates how these practices are continuing on a daily basis in the study area. Figure 3 shows how the strength of individual land plots in a low-lying area can be increased by growing some permanent plants (Jim 1993) . Hence, this approach is commonly adopted by many householders in low-lying areas as a method of transforming their plots into stable households with home gardens.
As shown in Table 3 , the model consists of seven explanatory variables that address the human behavioural aspects of low-lying land conversion. The dependent variable and its size are 294 households, none of which were found to be stable in the year 2005. However, at the time of the interview in 2012, when the housing type was chosen as the dependent variable of the model, the condition and status of many of the houses had changed so that there were only 109 non-stable houses, while the other 185 had developed into stable houses. This model can be expressed as a multivariate logistic regression equation, as in Equation 1. Family savings (FS) has a -3 minimum value, which indicates that there are some families that do not have any savings at all, and at the end of each month these families have to obtain a micro loan from some external party to meet their monthly expense commitments. 
Categorical Variable Settings for the Model
In the model, there are three categorical variables out of the total seven variables relating to behaviour. TSA and PPP variables have been assigned with the categorical levels of low, moderate and high. Table 4 explains how the categorical variables have been set up according to the research argument. In this model, there are seven variables, of which three are categorical and the other four are scalar. Hence, all three categorical variables have been assigned with their reference variables as the first rule, and the procedure of the logistic model is based on the hypotheses stated in the methodology section.
Model Accuracy
The model correctly classified 86.7% of cases overall, which indicates how well it was able to predict the correct category (i.e., non-stable household vs. stable household) for each case in the behaviour model. Further details of the categorical division at the last step (Step 5) of the behaviour model are shown in Table 5 . Out of the 109 non-stable houses observed, the model correctly identified 91 (83.5%) of them as unlikely to score "1" in the predicted category. Similarly, out of the 185 stable households, the model correctly identified 164 (88.6%) as likely to score "1" in the predicted category. Hence, out of the total 294 households, the model correctly identified and classified 255 households (91 + 164), which indicates an accuracy of 86.7% for the cases tested. .849, p = 0.000). These variables are significant as well as having a positive relation to a stable house. The Exp(B) (or odds ratio) at the 95% CI indicates that a household with a good score in the high TSA category is 9.972 times more likely to make it into a stable house than one lacking these attributes. Overall, the behaviour model with its highly significant variables indicates stable households as having a positive relationship with five variables out of the total of seven. Therefore, a high probability value of each land plot in this model indicates high conversion strength in the context of behavioural factors. Conversely, a low probability value in this model indicates the inhabitants' incapability to make much progress in low-land areas due to deficiencies in certain aspects of human behaviour. 
Probability Value and Spatial Distribution
According to Figure 4 , a few stable houses also have lower probability values because the human behaviour variable values of some of their occupants are not favourable (Ayalew and Yamagishi 2005) . However, in general, most stable houses have high levels of probability in terms of behavioural aspects. These high probability values indicate that stable houses that are strong in the human behaviour variables have been conducting the process of low-lying land conversion more effectively than the non-stable houses in the area. A few non-stable houses may also have reached up to probability level one, which indicates that even if their occupants live in non-stable houses, their behaviour variable levels are more comparable to those in stable houses during the process of conversion of their land plots. However, these houses still have not completely converted into stable houses because they may have failed in certain other parameters, such as socio-economic or environmental aspects. On the other hand, a high odds ratio indicates their high potentiality to become stable houses, as our research findings show. For example, the TSA of a high level has an odds ratio of 9.972 compared to the reference variable that has a low level of TSA. A high level of PPP also has a 4.701 odds ratio compared to a low level of PPP. The predicted probability values range between 0 and 1, but their locations and distribution cannot be placed accurately without GIS. Figure 4 illustrates how the behaviour conversion values (predicted probability values) that were obtained by running the model are scattered over the study area. Figure 4 shows the non-stable houses that were present in 2005, but many of the same houses had changed into stable houses by the time the interview was held in 2012. Therefore, the non-stable houses that existed in the year 2005 were taken as the main database for the questionnaire interviews held in 2012. Deep magentacoloured land plots have probability values of greater than 0.5 and have been categorised as converted land due to their greater potentiality of conversion caused by certain aspects of human behaviour. On the other hand, green-coloured housing plots have probability values of 0.5 or less, and it is assumed they have not been converted because of this lower probability value.
Conclusion
The objective of this study was to measure the influence of factors that were responsible for the conversion of low-lying lands into housing plots. This study focused primarily on the effects of human intervention, which mainly depended on the behaviour of the persons who took possession of the lands by settling on them.
According to the results presented by the model analysis, the behaviour model showed very good performance, as five variables out of the seven independent variables were significant. The three highly significant variables turned out to be family savings (Wald = 19.553, p = 0.000), permanent plants growing in the plot (Wald = 18.989, p = 0.000) and technical skills (high category) (Wald = 18.849, p = 0.000). The variables bore a positive relationship to a stable house while also proving significant. A household that scored very well in the high TSA group was 9.972 times as likely to convert to a stable house than the one not meeting these conditions, as indicated by the Exp(B) or odds ratio of 95% Cl. Out of the seven highly significant variables of the behavioural model, five variables have a positive relationship with stable households. Hence, the most influential behaviour variables have been statistically and empirically proven to be important in the context of low-lying land conversion. Therefore, the model has effectively contributed towards identifying the most influential variables that have a direct impact on low-lying land conversion brought about by the emergence of households. The land plots of this model returned high probability values suggesting that the behavioural factors of the householders in the low-lying areas were responsible for the high conversion strength. In contrast to this, when the householders were unable to make much progress due to various shortcomings in their behavioural traits, the model indicated low probability values. Finally, the model's accuracy was measured at 86.7%. In addition, the model's probability values have been linked to real locations on spatial maps using GIS techniques, and these can be used for resettlement programmes in these areas during urban planning stages. Based on the findings of this study, it is suggested that any local government or other planning body involved in the preservation of low-lying areas could use these results profitably in their work. They could apply this knowledge in their rehabilitation programmes for low-lying areas or for maintaining the sustainability of a region with better results. The values of the probabilities of the variables can be used as key indicators of the rehabilitation process.
